Dietary patterns have been related to health outcomes and morbi-mortality. Mediterranean diet indexes are correlated with adequate nutrient intake. The objective of the present study was to analyse the adequacy of nutrient intake of a posteriori defined Mediterranean (MDP) and Western (WDP) diet patterns in the Seguimiento Universidad de Navarra (SUN) cohort. A sample of 17 197 subjects participated in the study. Participants completed a 136-item validated semi-quantitative FFQ. Principal component analysis was used to define dietary patterns. Individuals were classified according to quintiles of adherence based on dietary pattern scores. Non-dietary variables, such as smoking and physical activity habits, were also taken into account. The probability approach was used to assess nutrient intake adequacy of certain vitamins (vitamins B 12 , B 6 , B 3 , B 2 , B 1 , A, C, D and E) and minerals (Na, Zn, iodine, Se, folic acid, P, Mg, K, Fe and Ca). Logistic regression analysis was used to assess the adequacy of nutrient intake according to adherence to dietary patterns. WDP and MDP were defined. A higher quintile of adherence to an MDP was associated to a lower prevalence of inadequacy for the intake of Zn, iodine, vitamin E, Mg, Fe, vitamin B 1 , vitamin A, Se, vitamin C and folic acid. The adjusted OR for not reaching at least six (or at least ten) nutrient recommendations were 0·09 (95 % CI: 0·07, 0·11) (and 0·02 (95 % CI: 0·00, 0·16)) for the upper quintile of MDP and 4·4 (95 % CI: 3·6, 5·5) and 2·5 (95 % CI: 1·1, 5·4) for the WDP. The MDP was associated to a better profile of nutrient intake.
A priori or a posteriori defined dietary patterns have been developed to evaluate the interaction and functions that the combination of foods and nutrients may have on human health given that single nutrients or foods may not completely explain the ethiopatogenesis of nutrition-related diseases (1 -5) . Several chronic diseases, such as cardiovascular diseases (CVD), diabetes mellitus and certain cancers (breast cancer, colon cancer and others), have been associated with the combined intake of certain nutrients. For instance, a high intake of red meat is not only associated to a high intake of Saturated fatty acids (SFA) and cholesterol, but also to a high ingestion of nitrites, or dietary glycoxidation products, the joint action of which can be involved in the aetiology and progression of diabetes (6) . If these interactions are not taken into account when analysing the contribution of every nutrient to disease risk, incorrect conclusions about the role of fatty acids on health may be derived.
Some healthy patterns have been defined from the evaluation of dietary patterns in the population. The 'Prudent', the 'Healthy' or the 'Energy Density' patterns have a very similar food profile: a high intake of fruits, vegetables, fish, legumes, whole grain cereals (1, 2, 4) . The Mediterranean diet, a model of a healthy eating, has been quantified in several diet indexes aiming to sum up the foods and nutrients that contribute to the benefits that such a dietary pattern has on health (7) . Dietary patterns have been associated to certain health outcomes, including total mortality (1) . They can also be of use to evaluate adherence to dietary recommendations (8) .
When the dietary pattern of a certain population complies with dietary recommendations, it is expected that a higher adherence to the pattern will help to meet adequate nutrient intakes. Certain dietary patterns defined as 'healthy' have been validated against nutrient intake adequacy (9) showing that some of them correlate with the intake of specific vitamins and minerals. In the EURopean micronutrient RECommendations Aligned project (www.EURRECA.org), researchers have been working on the association of the science of estimating nutritional adequacy in Europe with the evaluation of dietary intake patterns within the context of nutritional epidemiology.
The purpose of the present study was to correlate an a posteriori defined Mediterranean diet pattern (MDP) against the assessment of nutrient intake adequacy in the 'Seguimiento Universidad de Navarra (SUN)' (Follow-up Study of the University of Navarra) cohort study.
Subjects and methods
The methods for the recruitment and collection of data from the participants of the prospective SUN cohort study have been described in detail in previous publications (10) . The SUN study was designed to determine associations between the diet and the occurrence of chronic conditions such as obesity through a self-administered questionnaire mailed every 2 years. The SUN participants are all university graduates from all Spanish provinces. The present study was approved by the Institutional Review Board of the University of Navarra. Informed consent was implied by the voluntary completion of the baseline questionnaire.
Dietary assessment
At baseline, participants completed a semi-quantitative Food Frequency Questionnaire (FFQ) that had been previously validated in Spanish subjects (11) . There were nine options for the average frequency of intake (ranging from never/almost never to at least six times per day) for 136 food items in the previous year, based on typical portion sizes. Nutrient intake was calculated using the most up-to-date food composition tables for Spain (12, 13) . Micronutrients were adjusted for total energy intake through the residual method. The micronutrients examined were: Na; Zn; iodine; Se; folic acid; P; Mg; K; Fe; Ca; vitamins B 12 ; B 6 ; B 3 ; B 2 ; B 1 ; A; C; D; E. Fibre was also examined.
Assessment of dietary pattern. We used baseline dietary intake data for principal component analysis to identify dietary pattern factors among the participants of the SUN cohort. The 136 food items included in the semi-quantitative FFQ were grouped into thirty pre-defined food categories, using as a unit of measurement grams per day. The approach used to determine the number of factors to be extracted was the Scree plot examination (14) . To achieve better interpretability, we used an orthogonal rotation procedure (varimax rotation) obtaining results in factors (i.e. dietary patterns) that were not correlated with each other. We determined the number of factors retained by the amount of variance explained by each pattern and the natural interpretation of each pattern generated. Food groups that loaded .0·30 were considered to be making a relevant contribution to the factor. The factor score for each pattern was constructed by summing observed consumption of the component food items weighted by their factor loadings. Thus, each individual received a factor score for each identified pattern. A higher score suggests better adherence to a certain dietary pattern (14) . The factor analysis identified two major factors that were labelled as the Western dietary pattern (WDP; factor 1) and the Mediterranean Diet Pattern (MDP; factor 2).
Assessment of nutrient intake adequacy. The probability of intake adequacy for fifteen nutrients was calculated using the dietary reference intakes (15 -20) . By using the probability approach (21) , we calculated the probability of adequacy for Zn, iodine, Se, folic acid, P, Mg, Fe, vitamins B 12 , B 6 , B 3 , B 2 , B 1 , A, C and E, for each subject. To calculate the probability of adequacy for Fe intake, the distribution of Fe intake was log transformed.
Assessment of non-dietary variables. The baseline evaluation also included questions for the assessment of medical history, health habits, lifestyle and socio-demographic variables. There were forty-six non-dietary items for men and fifty-four for women. Participants were categorised as smokers, non-smokers or former smokers. The number of hours spent in sedentary activities such as daily hours of television viewing, daily hours driving, daily hours sitting and daily hours napping was quantified. Physical activity levels were also determined through a validated questionnaire that included information about seventeen activities such as walking, running, cycling, swimming, judo, soccer, skiing or sailing. The questionnaire had been validated by the SUN group using a triaxial accelerometer as the gold standard. Physical activity during leisure time (estimated as metabolic equivalent (MET)-h/week) derived from the questionnaire moderately correlated with kcal/d assessed through the accelerometer (Spearman's r ¼ 0·507, 95 % CI: 0·232, 0·707, P, 0·001) (22) . To quantify the volume of activity during leisure time, an activity MET index was computed by assigning a multiple of RMR (MET score) to each activity (23) , and the time spent in each of the activities was multiplied by the MET score specific to each activity, and then summed for overall activity, obtaining a value of overall weekly MET hours.
Statistical analyses
Dietary pattern scores were used to rank individuals according to their degree of conformity or adherence to a given dietary pattern. Scores for both patterns were divided into quintiles and participants were classified according to quintiles of adherence to a WDP (factor 1) and to a MDP (factor 2). Pearson's correlation coefficients were used to assess the relationship between dietary patterns and dietary and nondietary variables, as well as computed nutrient intake from the FFQ.
To assess the adjusted number of non-compliance with recommendations for each quintile of adherence to each dietary pattern, analyses of covariance were performed. Non-conditional logistic regression analyses were used to calculate the age and sex OR and 95 % CI of failing to comply with six or more recommendations (the median number of unmet recommendations was six). We repeated all the analyses using ten or more unmet recommendations (half the number of recommendations assessed) as the cutoff point. Tests of linear trend across increasing categories of adherence to dietary patterns were conducted by assigning medians of factor scores to each dietary pattern (MDP and WDP) and treating them as a continuous variable.
All P values presented are two-tailed; P,0·05 was considered statistically significant.
Results
Details of the Pearson's correlation coefficient between food intake and the two factors defined, the WDP and MDP, are represented in Table 1 . The Western pattern was correlated with the intake of red and processed meat, eggs, sauces, precooked food, fast food, energy soft drinks, sweets, whole dairy and potatoes and showed a negative correlation with the consumption of low-fat dairy. Those food groups identified in the 'Mediterranean' pattern (factor 2) included olive oil, poultry, fish, low-fat dairy, legumes, fruits and vegetables. Table 2 shows the characteristics of the 17 197 participants of the SUN cohort according to the quintiles of adherence to the two dietary patterns previously defined, the MDP and WDP. A higher adherence of women to the Mediterranean diet was observed. For the Western pattern, the tendency was the opposite (higher proportion of males following such pattern). A higher quintile of adherence to the MDP was associated to a lower prevalence of smokers and ex-smokers. The tendency was the opposite for the WDP. No differences were seen for the number of hours spent in sedentary activities. However, a higher quintile of adherence to an MDP was related to a higher level of physical activity during leisure time, expressed in MET-h/week.
A higher quintile of MDP adherence was associated to a lower percentage of energy coming from total fat and SFA intakes. No differences in the intake of MUFA across the quintiles were seen, though the ratio of MUFA to SFA monotonically increased with increased adherence to the MDP (P for trend , 0·001). The percentage of energy coming from protein intake increased across the quintiles of adherence to an MDP, carbohydrate intake was low (43-44 %) and of similar value across all the quintiles. The analysis of fibre intake and also the intake of all the micronutrients under study (except Na) showed increasing values with increasing quintiles of adherence to the MDP.
A higher adherence to the WDP was associated with a higher percentage of energy intake coming from fat, MUFA, PUFA and SFA and a lower percentage of energy from carbohydrate. The ratio of MUFA to SFA monotonically decreased with increased adherence to the WDP (P for trend , 0·001). The intake of fibre decreased across the quintiles of adherence to the WDP. Almost all the values for micronutrient intake decreased with the increasing quintiles of adherence to the WDP. Only the intake of Na, vitamin B 12 and vitamin B 3 increased across the quintiles of the WDP. Table 3 shows the percentage of participants who did not comply with nutrient intake recommendations according to the quintiles of adherence to MDP and WDP. The highest quintile of adherence to an MDP showed the lowest prevalence of non-compliance for intakes of Zn, iodine, vitamin E, Mg, Fe, vitamin B 1 , vitamin A, Se, vitamin C and folic acid. The quintiles of adherence to a WDP showed the opposite tendency, the highest quintile was associated with the highest percentage of individuals with noncompliance of recommendations for iodine, vitamin E, Mg, Fe, vitamin A, Se, vitamin C and folic acid. Fig. 1 shows the average number of nutrients with unmet nutrient intakes across quintiles of dietary pattern score. The higher the quintile for the MDP, the lower the number of unmet nutrient intakes. The WDP showed the opposite tendency, with increasing quintiles. There was also an increase in the average of unmet nutrient intakes (Fig. 2) . Table 4 shows the OR for not achieving the daily recommended intakes using alternative cut-off points of six or ten unmet nutrient intakes according to quintiles of adherence to an MDP and to a WDP, adjusted for age and sex. The OR for not fulfilling the daily recommended intakes decreased according to the quintiles of adherence to MDP and the OR increased as the WDP score increased. The analysis adjusted for other variables, such as marital status, employment and smoking did not modify the results.
Discussion
We identified two dietary patterns in this population group, the Mediterranean and the Western. Individuals with a higher score for the MDP ate more fruits and vegetables, fish, poultry and legumes, low-fat dairy, and olive oil and had a healthier lifestyle. They also had a better nutrient profile, with a lower prevalence of individuals showing inadequate intakes of micronutrients. The WDP was associated to a higher intake of red and processed meats, eggs, sauces, pre-cooked food, fast food, energy soft drinks, sweets, whole dairy products and potatoes.
Fat intake was not associated with quintiles of adherence to the MDP. In fact, the proportion of energy coming from MUFA and PUFA was similar across quintiles of adherence to both dietary patterns (about 15-16 % and 5-6 %, respectively). However, the MUFA/SFA ratio increased across 
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quintiles of the MDP but decreased across quintiles of the WDP. In Spain and other Mediterranean countries, the nutrient recommendations for fat intake include a level of consumption as high as 35 % of total energy intake (24) due to the elevated consumption of olive oil in the population. Such consumption implies a high intake of MUFA in individuals, even among those not adhering to the nutrient recommendations (25) . It is worth noting that the SUN sample includes only individuals with high levels of education, which is associated with better diet profiles (26 -29) . The lack of variation in educational levels represents the strength of the study precluding confounding due to educational status, i.e. restriction was used. Restriction is an excellent technique for preventing or at least reducing confounding by known factors, and it is recommended by methodologists because restriction is usually more effective than multivariable adjustment to control for potential confounding (30) . However, restriction represents also a limitation of the present findings with respect to their generalisability.
Studies conducted in non-Mediterranean countries have identified several dietary patterns, the Prudent and Western patterns (31 -34) , the Healthy, Western, Drinker and Sweets patterns (35, 36) , the Health energy density, Traditional and Health-conscious patterns (37) and the Healthy, Western and Traditional patterns (38) . The healthiest of these (namely, the Prudent, Healthy or Health-conscious patterns) have similarities with the Mediterranean pattern defined in the present study and others conducted in the Mediterranean (39) : a positive correlation with intakes of fruits; green leafy vegetables; poultry and fish; certain lifestyle habits such as non-smoking and being more physically active. However, differences have consistently arisen when analysing the association of the dietary patterns with their nutrient intake profiles, especially in relation to fat intake. Wu et al. (40) defined a Prudent and a Western pattern in the cohort of men of the Health Professionals Follow-up Study and found that a higher quintile of the Prudent pattern score was correlated with higher intakes of protein and PUFA, and lower intakes of SFA. No information was given for the values of MUFA intake. Moreover, Zhang et al. (32) identified a Prudent and a Western pattern in a sample of female nurses in the US, and showed characteristics of nutrient intake across quintiles of dietary pattern scores. A higher quintile for a Prudent pattern score was associated to a higher intake of carbohydrates, protein, total fibre, Mg and total Fe. The percentage of energy from total fat and SFA decreased with the increasing quintiles, but the intake of MUFA also decreased. PUFA intake showed a slight increase. A higher quintile of adherence to the Prudent pattern was associated to a higher percentage of energy coming from carbohydrates (up to 53 % in the fifth quintile). In addition, Fung et al. (33) in the Nurses' Health Study identified and categorised individuals into quintiles of adherence to a Prudent diet score. Individuals in the fifth quintile of this pattern showed higher intakes of protein, carbohydrate, fibre, cholesterol and also PUFA. Their intakes of MUFA, SFA and trans-fatty acids were lower than individuals in the first quintile. In the sample of the Baltimore Longitudinal Study of Aging, Newby et al. (35) defined six food patterns using factor analysis. The distribution of the sample according to quintiles of factor 1, the 'Healthy' profile, showed that a higher quintile of the score was associated to a higher percentage of energy coming from carbohydrates and proteins, and a lower percentage coming from fat and saturated fat. In a study conducted in a sample of female teachers in Iran (38) , three dietary patterns were identified: the Healthy; Western; Traditional patterns. A higher quintile of adherence to the Healthy pattern score was related to a higher percentage of energy coming from proteins and carbohydrates and a lower percentage of energy coming from fat. No information was given about the fat intake profile. In the SUN sample presented here, the MUFA/SFA ratio was directly associated with the MDP and inversely associated with the WDP, showing a healthier profile of the quality of fat intake when comparing with the other studies conducted in non-Mediterranean countries.
Diet pattern analysis has been used to predict disease as demonstrated in certain studies where Body Mass Index (BMI), type 2 diabetes, CVD, certain cancers, metabolic syndrome and mortality have been correlated with specific dietary patterns (1) . Within the context of the EUropean micronutrient RECommendations Aligned framework, a review on studies evaluating the validity of diet patterns a priori or a posteriori defined to assess nutrient intake adequacy has been conducted, showing reasonable correlations (9) . The study presented here, although it is not a proper validation study, shows that as adherence to the Mediterranean diet increases, the probability of not fulfilling the nutrient recommendations decreases. 
